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Abstract Global warming and carbon emissions have gained international
attention. However, it would appear that consumers are still unclear about
what it encompasses and how it relates to their individual behaviour. Using the
Theory of Reasoned Action (TRA) as a guiding framework, this study presents
a structural equation model that tests the relationships between carbon and
environmental knowledge, environmental attitude and behaviour using a sample
of US consumers. The findings of the research suggest that a positive relationship
was found between general and carbon-specific knowledge, attitude towards the
environment, and general and carbon-specific behaviours. Therefore, general
and carbon-specific environmental behaviours are related and may be driven
by general attitudes and knowledge (i.e. both carbon-specific and general
environmental knowledge). The implications of the study would suggest that
marketers, working in tandem with government policymakers, need to focus
efforts on developing consumers’ knowledge about specific sub-issues, such as
global warming. However, additional research needs to be undertaken to develop
marketing communication that accurately reflects the environmental impact of
consumption behaviour, thereby allowing for considered consumption.
Keywords sustainability; green; environmental knowledge; carbon offsets
Introduction
Global warming is acknowledged as a direct and significant consequence of climate
change (Shi, Wang, & Yang, 2010). It is widely recognised that global warming is
an international problem but, to date, national and multinational attempts like the
Copenhagen Climate Conference to restrict carbon production have failed to address
this pressing issue (Dyer, Harvey, Kazmin, & Wheatley, 2009). Much of the focus
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attempts to address the issue of large emitters of carbon dioxide (CO2), namely,
corporations (Onishi, 2007). While firms can reduce the amount of carbon they
produce, they can also offset their production of carbon voluntarily by purchasing
savings in other areas (Ristino, 2008). For example, corporations in developed
countries may purchase emission reductions that are associated with projects in the
developing or emerging countries that create carbon sinks, that is, carbon produced
elsewhere by the firm is offset. Companies can also offset their energy use by
purchasing carbon credits that are generated by projects that include a range of
activities such as developing renewable energy or biofuels (Bumpus & Liverman,
2008). Carbon offset activities are defined as programs that implement a ‘measurable
avoidance, reduction or sequestration of [carbon or greenhouse gases]’ (Ramseur,
2007, p. 1), where one carbon offset represents a reduction of one tonne of carbon
dioxide. Offsets are purchased through carbon offset retail providers who then
contract with the developers of the carbon offsetting projects. The retail providers
vary in terms of their offerings, pricing, and understanding of carbon offset programs
and offset quality (Kollmuss, Zink, & Polycaro, 2008). For example, within the
aviation industry, individuals have the option to offset their CO2 travel emissions
by voluntarily adding the cost to their travel bill. The offset payments are provided
by firms providing offset services, all with different offset project creation, prices,
and policies (Offset Offerings, 2007). The variability in approaches means that the
quality of retail carbon offset programs is inconsistent (Ristino, 2008).
This study is set in the United States, as it is one of the largest contributors of
CO2 gas emissions in the world (Onishi, 2007), with some authors arguing any US
reduction of CO2 would, on its own, have a significant impact on global climatic
change (Heinzerling, 2010). On a positive note, Ristino (2008) argues that the recent
growth of the US carbon market reflects a genuine desire by US firms and consumers
to address climate change. However, recent consumer polls in the United States have
shown a declining trend in adult consumers’ ‘green’ attitudes and engagement in
various environmentally friendly activities (Harris Interactive, 2010). This might be
caused partly by ongoing debate about the causes of climate change, and by consumer
confusion associated with attempting to integrate carbon-specific issues into their
green purchasing behaviour, which has been found to be problematic elsewhere
(Bulkeley, 2000).
Given the complexity of carbon issues and variations in the quality of offset
programs, it is no surprise that consumers become confused or even misled while
trying to integrate carbon issues into their consumption and decision making because
of incorrect understanding of the intricacy of carbon claims and offset programs
(Bulkeley, 2000; Majoras, 2008). For example, consumers may believe that a firm
investing in planting trees will reduce the carbon it produces today, whereas, in
reality, carbon savings will only occur in the future, assuming the trees grow
to maturity. This raises an interesting question of whether consumer behaviour
in relation to carbon offsets and the environment, in general, is influenced by
consumer knowledge of the issue. Therefore, more investigation is needed into the
underlying process of how various types of environmental knowledge (i.e. general
and carbon-specific) shape consumers’ environmental attitudes, and, in turn, how
knowledge influences their general environmentally related behaviours. Consumer
environmental knowledge and attitudes have been researched for almost 40 years in
an attempt to provide understanding and insight into pro-environmental behaviour
(Leonidou & Leonidou, 2011; Maloney & Ward, 1973). However, researchers have
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generally not focused on whether or not knowledge related to specific aspects of the
environmental debate has an impact on different pro-environmental behaviours. This
study has, therefore, focused its attention on investigating the relationship between
general and carbon-specific knowledge, attitudes towards the environment, and the
general and carbon-specific behaviours of a sample of consumers in the United States.
In this way, the study aims to close the gap in the research regarding consumers’
knowledge and behaviour, specifically regarding this new “product” – carbon
offsets.
The theory underpinning this research is the Theory of Reasoned Action
(TRA), which has previously found clear links between environmental attitudes and
behaviours (Abdul-Muhmin, 2007; Kaiser, Wolfing, & Fuhrer, 1999) and therefore
adds to the ongoing theoretical debate about the efficacy of the TRA and other
similar models in predicting responsible consumer behaviour (Rokka & Uusitalo,
2008). Our extended model integrates both general and specific knowledge, as
well as making links to reported behaviour (general and specific) rather than
behavioural intentions alone. The research uses a structural equation modelling
(SEM) approach, and the results suggest general and carbon-specific knowledge drive
overall environmental attitudes and that those attitudes, in turn, drive both carbon
and general environmental behaviours.
The article is organised in the following way. First, there is an overview of the
literature on environmental knowledge, attitudes, and behaviours, which is followed
by a discussion of the research method and results, discussion, implications, and
directions for future research.
Literature review and hypotheses development
The issue of environmental behaviour has been the topic of many research articles
over the past few years. According to Abdul-Muhmin (2007), much of the past
environmental work can be organised into three streams of research. First, there
are descriptive studies of consumers’ knowledge, concerns, attitudes, and behaviours
(see Beck-Larsen, 1996; Chan, 1999; Daniere & Takahashi, 1999). Second, there
are studies that develop measures of these constructs (see Bohlen, Schlegelmilch,
& Diamantopoulas, 1993; Schlegelmilch, Bohlen, & Diamantopoulos, 1996; Van
Liere & Dunlap, 1981). Third, there are models that have been developed using
several theories, with much of the research on environmental behaviour basing its
premise on different variations of Ajzen and Fishbein’s (1980) TRA or Ajzen’s (1985)
modification of that model – the Theory of Planned Behaviour (TBP). Generally,
the models propose that for an attitude to be formed, individual factual knowledge
about the issue is a precondition (Flamm, 2009; Kaiser et al., 1999; Stutzman
& Green, 1982). Behaviour is then a function of intention, which, in turn, is a
function of attitude and subjective norms. Although in its purest form, researchers
seek to predict behavioural intentions rather than behaviours (Ajzen & Fishbein,
1980). Some researchers (e.g. Davies et al., 2002) have suggested that the connection
between intentions and behaviours may not be as strong as the model proposed.
Thus it is potentially more prudent to integrate self-reported actual behaviour into
the models, because that is the ultimate concern, rather than intentions (Rokka &
Uusitalo, 2008).
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The TRA model has been tested in a number of countries, and links have been
explored in a range of contexts over the years (Ferrell & Gresham, 1985) including
environmental knowledge, attitudes, and intentions (Arcury, 1990; Bang, Ellinger,
Hadjimarcou, & Traichal, 2000; Barber, Taylor, & Strick, 2009; Diamantopoulos,
Schlegelmilch, Sinkovics, & Bohlen, 2003; Flamm, 2009; Fraj-Andres & Martinez-
Salinas, 2007; Goldenhar & Connell, 1993; Ivy, Geok-Chin, Kim-Eng, & Chuan,
1998; Jones, 1990; Kaiser et al., 1999; Maloney, Ward, & Braucht, 1975; Oreg &
Katz-Gerro, 2006; Schlegelmilch et al., 1996; Taylor & Todd, 1995). For example,
using TRA, Arcury (1990) found US consumers’ environmental knowledge was
positively related to their general environmental attitudes and general behavioural
intentions. Others such as Bang et al. (2000) used the TRA as a theoretical framework,
and found that there was a positive relationship between environmental knowledge
and environmental attitudes and consumers’ willingness to pay more for renewable
energy. Given the impact of the results for general environmental knowledge on
behavioural intentions, the relationships between specific knowledge and behaviours
– in this case, for carbon offsets and general environmental knowledge on actual
behaviour – were explored. This research draws on measures of environmental
knowledge, environmental attitudes, and purchasing behaviour (Bohlen et al., 1993;
Diamantopoulos et al., 2003; Ivy et al., 1998) and adapts them for carbon offsets,
with the TRA as a theoretical foundation.
Given the extensive research suggesting that the TRA has validity in pro-
environmental behaviours contexts in different countries (Oreg & Katz-Gerro,
2006), this study builds on the theory to suggest that knowledge influences attitudes,
which, in turn, influence behaviour (rather than behavioural intentions). In this paper,
we have examined general environmental issues and behaviours, as well as knowledge
and behaviours related specifically to carbon (as shown in Figure 1), recognising that
consumers assess environmental issues differently, that is, some are more important
than others (Rokka & Uusitalo, 2008; Thøgersen, 2004). Thus we propose that
different types of knowledge shape overall environmental attitudes (Barber et al.,
2009), which then shape both generic and specific behaviours. The four hypothesised
associations between the constructs of the model are identified and are presented in
the following sections.
Figure 1 Hypothesised model of knowledge, attitudes, and behaviours.
General
environmental
knowledge
H1a
H1b
H2a
General pro-
environment
Behaviours
Carbon offset
related
Behaviours
Carbon offset
knowledge
H2b
Attitude
towards the
environment
D
ow
nl
oa
de
d 
by
 [D
ea
kin
 U
niv
ers
ity
 L
ibr
ary
] a
t 1
7:1
0 3
0 A
pr
il 2
01
2 
242 Journal of Marketing Management, Volume 28
Environmental attitudes
The central core of the model is the role of attitudes towards the environment.
Allport (1935) stated that ‘an attitude is a mental and neutral state of readiness,
organised through experience, exerting a directive or dynamic influence on an
individual’s response to all objects and situations with which it is related’ (p. 810).
Within the environmental domain, general attitude has been viewed as ‘cognitive
and affective evaluation of the object of environmental protection’ (Bamberg, 2003,
p. 21). Past studies have established attitudes as one of the strong determinants
affecting behaviour (Ballantyne & Packer, 2005; Kotchen & Reiling, 2000), and
in these models environmental attitudes generally include respondents’ views on
a range of environmental issues. Studies related to pro-environmental behaviour
(and behavioural intentions) have introduced attitudes as a central variable between
environmental knowledge and behaviour (Barber et al., 2009; Davies et al., 2002;
Flamm, 2009). Environmental knowledge has been found to be a precondition
to one’s environmental attitude, while attitude towards the environment has been
commonly found to be an antecedent to pro-environmental behaviour (Flamm,
2009; Kaiser et al., 1999; Lynne & Rola, 1988; Oreg & Katz-Gerro, 2006). For
example, Barber et al. (2009) found that attitudes influenced behavioural intentions,
where generic attitudes were shaped by different types of knowledge, although they
focused on objective and subjective rather than different objective knowledge types.
The issues of global warming and the impacts of carbon have not been studied
as much, although Howell (2011) finds that increasing positive perceptions about
one’s attitude towards the consequences of global warming have also been found to
increase intentions to behave in more pro-environmental ways.
The primary contribution of this research is that we are examining the role
of two types of knowledge – general environmental knowledge and carbon offset
knowledge – and what impacts they have on environmental attitudes, which, in
turn, affects two types of behaviour – general environmental behaviour and carbon
offset behaviour. This also focuses on self-reported actual behaviour, rather than
behavioural intentions, which may be a better indicator of actual behaviour (Rokka
& Uusitalo, 2008).
Environmental knowledge
It has been argued that knowledge about the environment must be present for
environmentally responsible consumer behaviour to occur (Barber et al., 2009;
Hines, Hungerford, & Tomera, 1986; Maloney & Ward, 1973; Schlegelmilch
et al., 1996). Environmental knowledge is defined as ‘general knowledge of facts,
concepts, and relationships concerning the natural environment and its major
ecosystems’ (Fryxell & Lo, 2003, p. 48). Therefore, environmental knowledge
involves what people know about the environment and the key relationships leading
to environmental impacts (Mostafa, 2007). Environmental knowledge can be general
in nature, such as awareness of environmentally friendly products, or more specific
knowledge on issues such as recycling or carbon offset programs (Schahn & Holzer,
1990). However, the complexity of the science means that consumers may not
fully understand environmental warming or how it relates to their actions (Bulkeley,
2000).
D
ow
nl
oa
de
d 
by
 [D
ea
kin
 U
niv
ers
ity
 L
ibr
ary
] a
t 1
7:1
0 3
0 A
pr
il 2
01
2 
Polonsky et al. Impact of environmental knowledge on attitudes and behaviour 243
Different measures have been used empirically to assess consumers’ environmental
knowledge. Some research has attempted to measure factual environmental
knowledge, where consumers undertake factual tests to determine their knowledge
level (Barber et al., 2009; Maloney et al., 1975; Tanner & Kast, 2003). Other
researchers measure consumers’ perception of environmental issues or the impacts
of action-related knowledge (Tanner & Kast, 2003) but do not consider factual
knowledge (Diamantopoulos et al., 2003; Schlegelmilch et al., 1996). However, if
beliefs about environmental knowledge are inaccurate, consumers would behave in
inappropriate ways (i.e. behaviours do not address the underlying environmental
issues). The third approach used has considered broader attitudinal responses
to define environmental knowledge, for example, ‘It’s no use worrying about
environmental issues; I can’t do anything about them anyway’ (Stone, Barnes, &
Montgomery, 1995, p. 608). This would again mean that people might act because
they believe an action will be effective, even if their belief is incorrect. This study
focuses on consumers’ factual knowledge to identify what consumers actually know
about the environment (Maloney et al., 1975) both generally and, specifically, about
carbon offsets, rather than their more general beliefs about actions. Having factual
knowledge enables consumers to make effective decisions, that is, to modify their
behaviour to reduce their environmental footprint. Thus this study proposes that
specific environmental information can be related to specific decisions (Thøgersen,
2006), making factual environmental knowledge the most appropriate for measuring
consumers’ knowledge levels.
Past research indicates that consumers who have greater environmental knowledge
are more likely to act in a positive way (Flamm, 2009; Gram-Hanssen, 2010;
Hines et al., 1986; Mostafa, 2007; Pickett-Baker & Ozaki, 2008; Thøgersen, 2006).
Indeed, knowledge plays a central role in many theoretical models of attitude–
behaviour relations, such as TRA (see Ajzen & Fishbein, 1977, 1980) because
it is hypothesised to influence behaviour through the intermediary of attitudes
(Barber et al., 2009). Within the field of pro-environmental behaviour, attitudes are
assumed to be changed by increased knowledge, and both environmental knowledge
and attitudes are assumed to influence environmental purchase behaviour (Arcury,
1990; Barber et al., 2009; Flamm, 2009). For instance, Arcury (1990) reveals
that environmental knowledge has a positive impact on shaping the environmental
attitudes of consumers, and Flamm (2009) finds significant relationships between
environmental knowledge, attitudes, and behaviour in the context of consumers’
vehicle ownership. Barber et al. (2009) test for the relationship between
general environmental knowledge and wine-specific environmental knowledge on
environmental attitudes, and, consequently, on consumers’ willingness to buy wine
that is environmentally friendly. Barber et al. (2009) report that only consumers’
wine-specific knowledge significantly affects their environmental attitudes, that is,
their general knowledge was less important. This, in turn, affects their intention
to buy environmentally friendly wines. This article proposes that both general and
specific environmental knowledge should be considered when testing for consumers’
factual environmental knowledge, especially if the knowledge is linked to different
types of behaviours (i.e. general and specific), with many past studies being very
context specific. For example, Flamm (2009) found that consumers with more
environmental knowledge were more likely to use fuel efficient vehicles. We,
therefore, postulate that both general environmental and specific carbon offset
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knowledge have a positive impact on consumers’ environmental attitudes. Based on
the past research using the TRA framework, we propose:
H1a: General environmental knowledge is positively related to attitudes towards the
environment.
H1b: Carbon offset knowledge is positively related to attitudes towards the
environment.
Environmental behaviour
Steg and Vleka (2009) define pro-environmental behaviour as ‘those behaviours that
harm the environment as little as possible, or even benefit the environment’ (p. 309).
Environmental behaviour has also been viewed as psychological elements that reflect
a person’s sensitivity to environmental issues, such as energy savings, keeping places
clean, and avoiding waste (Kilbourne & Pickett, 2008). Consumer environmental
behaviour has been known to stem from their pro-environmental attitudes (Best &
Kneip, 2011; Flamm, 2009; Kaiser et al., 1999; Oreg & Katz-Gerro, 2006). Bamberg
(2003) suggests that people use general environmental attitudes as an accessible
heuristic, which indirectly guides their consequent behaviour. Though an indirect link
between general attitudes and specific environmental behaviour has been argued, past
studies have, however, linked environmental attitudes with specific environmental
behaviour such as the purchase of green products (Mostafa, 2007), use of fuel-
efficient vehicles (Flamm, 2009), household recycling (Best & Kneip, in press), and
voluntary reduction of travel-related CO2 footprints (McKercher, Prideaux, Cheung,
& Law, 2010). Other studies have also tested the effect of environmental attitudes on
generalised environmental behaviours (GEB) (Fraj-Andres &Martinez-Salinas, 2007;
Kaiser et al., 1999) or specific environmental behaviours (Barber et al., 2009; Oreg
& Katz-Gerro, 2006). Within much of the environmental focused research using
the TRA framework (Abdul-Muhmin, 2007; Bang et al., 2000; Barber et al., 2009),
researchers have tended to focus on intentions rather than actual behaviours, with the
assumption that intentions determine behaviours, although in the case of recycling,
Davies et al. (2002) suggests that intentions might not translate in to actual recycling
behaviour. To address this potential inconsistency, some environmental marketing
researchers have examined behaviour rather than intentions (Leonidou, Leonidou,
& Kvasova, 2010). Thus, as suggested by Rokka and Uusitalo (2008), focusing on
behaviours would possibly be more appropriate and thus, in this study, reported
behaviour was modelled as being endogenous. However, relying on self-reported
behaviours has its own limitations of respondents possibly exaggerating positive
social behaviours (Podsakoff & Organ, 1986).
Environmentally focused consumers can be motivated by a range of factors (Stone
et al., 1995), and someone who supports one type of environmental behaviour may
not necessarily participate in others (Kahn, 2007). For example, Thøgersen and
Ölander (2006) find consumers’ recycling behaviour does not necessarily relate to
their use of alternative ‘green’ transportation. McKercher et al. (2010) find that
while international tourists in Hong Kong expressed intentions to behave in pro-
environmental ways, they are less willing to alter their behaviour when it comes
to cutting air travel to reduce their carbon footprints. Oreg and Katz-Gerro (2006)
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find that, across 27 countries, environmental attitudes influenced recycling, reduced
driving, and environmental stewardship differently. Leonidou et al. (2010) investigate
the link between consumers’ inward and outward pro-environmental attitudes and
their environmental behaviours. The authors find inward pro-environmental attitudes
(i.e. attitudes towards taking drastic measures to protect the environment) are
related to consumers’ ecologically friendly purchasing behaviour, whilst outward
environmental attitudes (i.e. attitudes towards more public involvement of an
individual with the society and its problems) are related to consumers’ general
environmental behaviour. While some consumers have positive attitudes – even
preferences – toward environmentally friendly products, there is a lack of consistency
between attitudes and behaviour measures (Alwitt & Pitts, 1996; Moisander, 2007;
Thøgersen, 1999; Uusitalo, 1989, 1990a).
Given the varying results in past studies related to consumers’ environmentally
responsible behaviour, it is important to examine both general as well as carbon-
specific behaviour to identify if attitudes impact on both. Further, from the earlier
discussion linking knowledge and general attitudes, it is posited that consumers’
environmental behaviours (i.e. general and specific) are influenced by the types of
knowledge consumers hold (i.e. general as well as specific environmental knowledge).
The link between knowledge and behaviour is usually interceded by environmental
attitudes according to the TRA (Barber et al., 2009; Kaiser et al., 1999).
However, the link between environmental attitudes and environmental behaviour
is not without its problems. First, a general criticism of the TRA is the free-rider
problem where, although consumers have consumer knowledge and positive attitudes
toward environmentally friendly products, they typically do not purchase them,
primarily because they believe other people will act to solve the problem or that
their contribution will not make a difference (Ellen, Wiener, & Cobb-Walgren, 1991;
Uusitalo, 1989, 1990b). Additionally, some researchers have found inconsistencies in
other areas of environmental attitudes and behaviours (e.g. Alwitt & Pitts, 1996;
Moisander, 2007; Thøgersen, 1999; Thøgersen & Ölander, 2006). For example,
Alwitt and Pitts (1996) found that consumers’ environmental attitudes have an
indirect effect on purchase intentions for environmentally related products and
that this relationship is mediated by product-specific attitudes about consequences
of using the environmentally related product and the product’s environmental
attributes.
Second, it has been suggested that general environmental attitudes will not
necessarily spill over into other environmentally specific domains (Thøgersen,
2004; Thøgersen & Ölander, 2003). For example, Thøgersen and Ölander (2003)
investigate whether environmentally friendly behaviours spread to more areas of
consumption, and find that while there are cases of some spillover effects, they are
few with modest effects. Thus concern in one area does not affect others. Oreg
and Katz-Gerro (2006) also find that, across 27 countries, environmental attitudes
have varying impacts on a variety of environmentally oriented behaviours (recycling,
reduced driving, and environmental stewardship); the strongest impact was found
in regard to the most generalised behaviour – environmental stewardship. This is
further supported theoretically by Schwartz’s (1973) Norm Activation Theory, which
focuses on cases in which the costs associated with behaviour to benefit others is too
high, and people tend not to do it even though they know they should. People also
tend to do things that are relatively easy, such as recycling, in order to assuage guilt
about not doing harder things such as biking to work (Green-Demers, Pelletier, &
D
ow
nl
oa
de
d 
by
 [D
ea
kin
 U
niv
ers
ity
 L
ibr
ary
] a
t 1
7:1
0 3
0 A
pr
il 2
01
2 
246 Journal of Marketing Management, Volume 28
Ménard, 1997). We, therefore, investigate whether or not there are links between
general knowledge and actions, as well as between specific knowledge and behaviour
(i.e. carbon related), using general environmental attitude as a central variable, which
if successful can then be applied to other specific contexts. We propose:
H2a: Attitude towards the environment is positively related to general pro-
environment behaviours.
H2b: Attitude towards the environment is positively related to carbon offset-related
behaviours.
Methodology
An online survey was administered to a random sample of US consumers, using
a commercial consumer panel. Online panels are increasingly used in marketing
research, and it is suggested that more than 50% of all empirical research in
the United States uses online panels (uStamp, 2010). The target sample was
350 respondents; 395 responses were received, as the online process sometimes
provides extra responses depending on how closely the cut-off rates are managed.
Of the responses, 352 were deemed usable. Calculating overall response rates is very
difficult for online panels (Callegaro & DiSogra, 2008). A range of metrics can be
used, such as the number of people who responded to the survey as a percentage of
those who were invited, the number who completed as a portion of those who started
the survey (i.e. dropout rates or the traditional number of usable responses from
completed received). Unfortunately, the numbers of total invitations or dropouts are
unknown. Thus the 89.1% of usable responses is relied upon (i.e. 352 complete
surveys from the 395 responses received).
The relationships of observed (measured) and latent (unobserved) variables
are investigated, making use of SEM which allows estimating simultaneously the
measurement and structural model, rather than testing the effect of one variable at a
time as in regression analyses (Bollen, 1989). Such a method also allows researchers
to account for measurement error, and is increasingly being used in marketing (Babin,
Hair, & Boles, 2008). In addition, SEM has been used in examining environmental
behaviour when testing the TRA (e.g. Barber et al., 2009; Chan & Lau, 2000;
Fransson & Garling, 1999; Kaiser et al., 1999).
The research company was asked to source a nationally representative sample, as
occurs in much research using online panels (Baker et al., 2010), and location was
not included as a demographic question (see Table 1 for respondent demographics).
While there may be regional differences in views regarding the environment, such
differences were not included as part of the study’s design, and further research could
be undertaken to examine whether regional differences exist.
Eight items measuring factual environmental knowledge drew on Maloney et al.’s
(1975) scale, which has been used by other researchers in the environmental area (e.g.
Fraj-Andres & Martinez-Salinas, 2007; Ivy et al., 1998). Eight additional items were
developed to investigate consumers’ knowledge of carbon offsets, as knowledge about
carbon has not been investigated previously in regard to environmental knowledge,
attitudes, or behaviours. The questions were crafted taking into account issues raised
by Ramseur (2007) in a briefing paper written for the US Congress, as well as
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Table 1 Respondent demographics.
n = 352
Age
18–24 17.0%
25–34 19.9%
35–44 27.0%
45–54 13.1%
55–65 9.4%
65+ 12.8%
Gender
Male 50.3%
Female 48.6%
Marital status
Single 38.9%
Married 52.0%
Other 9.1%
Children living at home:
Yes 40.9%
No 50.0%
Not specified 9.1%
Employed
Full-time (35+ hours) 50.3%
Part-time (<35 hours) 15.3%
Not working 34.3%
Education
High school/less 20.8%
Diploma/some college or professional degree 41.9%
University degree 25.6%
Postgraduate 10.8%
US investigations into the use of carbon offsets by the Federal Trade Commission
(Majoras, 2008).
Past researchers have extensively examined a range of environmental behaviours
which have, in many cases, investigated behavioural intentions rather than
actual/self-report behaviour (Schlegelmilch et al., 1996; Stone et al., 1995), with
some questioning the link between environmental intentions and behaviour (Davies
et al., 2002). As our focus was on self-report behaviour, the degree to which
consumers undertook activities in regard to general environmental issues was
examined (Fraj-Andres & Martinez-Salinas, 2007; GfK Roper Consulting, 2007),
rather than behavioural intentions. Matching items on specific activities related
to general environmental behaviour and carbon offsets were used to compare
activities directly. The three behavioural items asked how often people undertook the
following activities (1 = ‘never’; 7 = ‘always’): (1) I investigate the specific details of
firms’ environmental claims or behaviour (or the carbon offset programs offered by
firms); (2) I switch brands to ones that are less environmentally harmful (or offer
carbon offsets); and (3) I choose to pay more for products because they are less
D
ow
nl
oa
de
d 
by
 [D
ea
kin
 U
niv
ers
ity
 L
ibr
ary
] a
t 1
7:1
0 3
0 A
pr
il 2
01
2 
248 Journal of Marketing Management, Volume 28
environmentally harmful (or they offer carbon offsets). Attitude to the environment
was measured using a seven-point Likert-type scale developed by Bohlen et al. (1993)
and Diamantopoulos et al. (2003), with 1 = ‘strongly disagree’ through to 7 =
‘strongly agree’. The items used in the questionnaire are reported in Table 2, and
the knowledge items are in Appendix 1.
Data analysis
First, the descriptive statistics and the level of normality were examined at the
univariate level, as shown in Table 2. Next, the reliability and internal consistency
of the scales were examined. The reliability test endorsed that the items conceived
to gauge a construct are satisfactorily associated and can be reliably (e.g. low on
measurement error) regarded as a set of items (Cronbach, 1951). To test reliability,
Cronbach’s alpha coefficient was used, as well as the inter-item correlations and
corrected item-to-total correlations. The mean of the inter-item correlation was
used as a guide to items’ homogeneity in a unidimensional scale. The corrected
item-to-total correlation was used to determine whether any particular items had
low correlations with any of the items in the scale, by correlating the item being
evaluated with all other scale items. Corrected item-to-total correlations of less than
.50 were deemed candidates for deletion (Churchill, 1979). The Cronbach’s alpha
values for the constructs were .88 for general pro-environment behaviour (three
items), .94 for carbon offset-related behaviour (three items), .93 for attitude towards
the environment (16 items), all of which were acceptable (Cronbach, 1951). Carbon
offset knowledge and general environmental knowledge were both summations of
eight-item true–false scales and, thus, no Cronbach’s alpha was calculated, as they
assessed people’s levels of factual knowledge (Fraj-Andres &Martinez-Salinas, 2007;
Maloney et al., 1975).
Confirmatory factor analysis (CFA) was run to examine the measurement model
and to assess convergent and discriminant validity. In the CFA model, we allowed to
co-vary the error terms of the items 6.4 with 6.10, 6.3 with 6.80, and 6.9 with
6.20, as they have the same wording type (see Table 2 for wording of items).
The fit of the first CFA showed insufficient support to validate the congeneric
measurement model as SBχ2(df = 241) 1466.07 (p = 0.000), root mean square error
of approximation (RMSEA) .11, comparative fit index (CFI) .77, Tucker–Lewis
index (TLI) .73, standardised root mean square residual (SRMR) .12. However,
after checking the model diagnostics, another model was produced wherein the
construct attitude towards the environment (ATE) was structured with a second-
order configuration having three sub-dimensions (ATE1, ATE2, and ATE3). The
subsequent model produced SBχ2 (df = 238) 474.59 (p = 0.000), RMSEA .05, CFI
.96, TLI .95, and SRMR .07. Such fit ratios were deemed acceptable.
Further, convergent validity was appraised, as suggested by Fornell and Larker
(1981) and Anderson and Gerbing (1988), by looking at the lambda coefficients
(should be ≥.70), the average variance explained (should be ≥.50), and composite
reliability (should be ≥ 0.70). All such test results are reported in Table 3. The
lambdas of items 4.80, 4.90, and 4.20 performed slightly under the recommended
guidelines. However, given the marginal discrepancy, such items were deemed to be
kept in order to yield a more parsimonious model.
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Table 3 Convergent validity assessment.
Parameter
Construct Items estimate SE t-value p-value CR AVE
ATE1 .92 .80
4.16 .85 .02 44.49 .000
4.18 .89 .02 47.30 .000
4.19 .94 .01 76.40 .000
ATE2 .93 .72
4.10 .86 .02 53.27 .000
4.20 .87 .02 47.06 .000
4.30 .92 .02 51.87 .000
4.40 .91 .02 52.92 .000
4.14 .67 .04 15.59 .000
ATE3 .89 .52
4.11 .86 .02 39.61 .000
4.60 .80 .02 33.09 .000
4.10 .80 .03 32.11 .000
4.12 .63 .05 12.63 .000
4.13 .80 .03 26.98 .000
4.90 .62 .04 16.50 .000
4.80 .63 .05 13.83 .000
4.20 .56 .04 12.95 .000
CARB_BEH .94 .84
6.80 .87 .02 53.59 .000
6.90 .97 .01 72.25 .000
6.10 .91 .02 50.57 .000
GEN_BEH .88 .72
6.20 .87 .02 49.65 .000
6.30 .84 .02 42.46 .000
6.40 .83 .03 24.56 .000
Note: Complete standardised coefficients. K = carbon offset knowledge; GENERAL_K = general
environmental knowledge; ATE [1, 2, and 3] = attitude towards the environment; GEN_BEH =
general pro-environment behaviours; CARB_BEH = carbon offset-related behaviours.
Discriminant validity was tested, as suggested by Bagozzi, Yi, and Phillips (1991),
by comparing the unconstrained (ϕ freely estimated) and constrained (ϕ set to
1) correlations between pairs of latents. The results of this test are reported in Table 4.
Notably, it can be observed that some SBχ2 were negative, which is an improper
value for a χ2 variate. Thus we also estimatedWald test statistics for the nested model,
as suggested by Satorra (2000), indicating that discriminant validity was achieved.
Analysis
While we did not have any hypotheses related to knowledge levels, it is important to
understand the respondents’ level of general environmental knowledge and carbon
knowledge. To do this, consumers’ with more than half of the items correct were
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classified as being knowledgeable (i.e. they knew more than they did not know), and
those with 50% or less correct were classified as having low knowledge. This resulted
in 71.8% of the consumers being classified as having high levels of knowledge about
general environmental issues, but only 39.8% were classified as having high levels
of knowledge about carbon offsets. There were 29.2% of respondents who had both
high general environmental knowledge and high carbon offset knowledge, and 48.3%
of the sample had high general knowledge but low carbon offset knowledge. Thus
there appears to be a limited relationship between knowledge types.
The hypotheses were tested using SEM, keeping the measurement configuration
which resulted from the previous CFA. SEM has frequently been used in examining
TRA and related models examining environmental knowledge, attitudes, and
behaviour/behavioural intentions (e.g. Barber et al., 2009; Oreg & Katz-Gerro,
2006). The model converged to a proper solution with an acceptable fit: SBχ2
(df = 242) 478.94 (p = .000), RMSEA .05, CFI .96, TLI .95, and SRMR .07. The
endogenous structural residuals of the latents, general pro-environment behaviour
and carbon offset-related behaviour, were correlated in order to avoid a problem
with endogeneity and, in so doing, to enable the model to gain greater efficiency
(Cole, Ciesla, & Steiger, 2007; Zellner & Theil, 1962). Such a method also allows
for the possibility to co-vary errors terms (Fornell & Larker, 1981). The completely
standardised coefficients are referred to in Table 5 reporting the correlation matrix,
and Table 6 reporting the standardised parameter estimates.
Table 5 Factors’ correlations matrix.
CARB_BEH GEN_BEH BEA CARB_K GEN_K
RB_BEH −
GEN_BEH .84 (41.72) −
ATE .35 (6.88) .55 (10.49) −
CARB_K −.08 (−1.55) −.12 (−2.92) −.13 (−3.61) −
GEN_K .05 (0.92) .13 (2.42) .27 (5.23) −.13 (−3.66) −
Note: Completely standardised estimates. t-values in parentheses. CARBON_K = carbon offset
knowledge; GENERAL_K = general environmental knowledge; ATE = attitude towards the
environment; GEN_BEH = general pro-environment behaviours; CARB_BEH = carbon offset-
related behaviours.
Table 6 Structural coefficients.
ϕ γ β ζ
CARB_K ←→ GEN_K −.13 (−3.60)
CARB_K → ATE −.10 (−2.93)
GEN_K → ATE .25 (5.09)
ATE → CARB_BEH .35 (6.78)
ATE → GEN_BEH .55 (10.47)
CARB_BEH ←→ GEN_BEH .83 (37.15)
Note: All coefficients are completely standardised and significant at p = .000. t-values in parentheses.
CARBON_K = carbon offset knowledge; GENERAL_K = general environmental knowledge; ATE =
attitude towards the environment; GEN_BEH = general pro-environment behaviours; CARB_BEH =
carbon offset-related behaviours.
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The results of the structural equations suggest that having a general understanding
of environmental knowledge is positively related to one’s general attitude towards
the environment. Thus H1a is supported. Having a higher level of carbon offset
knowledge is also found to be positively related to one’s general attitude towards
the environment, and H1b is also supported. As a result, general environmental
knowledge appears to be related to attitudes, as is specific knowledge about offsets.
By examining how attitudes relate to behaviour, attitude was found to affect both
general behaviour (i.e. H2a is accepted) and carbon-related knowledge (i.e. H2b
is accepted). This suggests that both general and specific behaviours are driven by
consumers’ overall attitudes towards the environment.
Conclusions and implications
The aim of this paper was to examine the relationship between general environmental
and carbon offset knowledge and the respective consumer behaviours. The findings of
the research suggest that general environmental knowledge, as well as specific carbon
offset knowledge, appear to be related to attitudes, and both general and specific
behaviours are driven by attitudes towards the environment. The overall results
suggest that consumers are integrating new knowledge about the environment into
their general attitudes. One would, therefore, anticipate that as consumers become
more knowledgeable about specific environmental issues, they, in turn, modify their
attitudes and behaviours. This suggests that more information about global warming
may result in consumer action, where they modify their behaviour to have a smaller
environmental impact, that is, they become more mindful consumers (Seth, Sethia,
& Srinivas, 2011).
First, the research finds that both general and specific carbon knowledge are
related to generalised environmental attitudes. This is consistent with past research
that has found different types of knowledge contribute to consumers’ attitudes (e.g.
Arcury, 1990; Barber et al., 2009; Schahn & Holzer, 1990). This finding is extremely
important, as it suggests that, as environmental issues arise, consumers integrate those
issues into their attitudes. However, the fact that those consumers generally had low
levels of carbon environmental knowledge does raise potential concerns, and suggests
that consumers are responding to information that they may or may not understand.
Therefore, the ‘hype’ around global warming and carbon indicates that, potentially,
consumers realise they are important issues without necessarily understanding the
complexities of the associated issues. Global warming impacts on a diverse range of
environmental outcomes (Shi et al., 2010) and also relates to almost all consumption
behaviour (ACCC, 2008). It may be that the extensive promotion of this issue in
recent times has resulted in carbon and carbon offsetting having higher salience
than other issues such as the reduction of biodiversity or the use of palm oil, as
these other environmental issues are less widely promoted, even though these other
environmental issues are equally important and linked directly to consumers and their
behaviour.
Second, we find that generalised attitudes drive both general and specific
environmental behaviours, which is consistent with other research that has found
generalised attitudes drive multiple types of behaviours (Flamm, 2009; Fraj-Andres &
Martinez-Salinas, 2007; Thøgersen, 2004). However, if changes in behaviour are to
be effective, consumers need to adopt activities that truly reduce their environmental
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impact. If they do not understand the complexities of the information on which
they have to make decisions, they might change behaviour but not reduce their
environmental impact (Bulkeley, 2000). There is not clear agreement as to how one
determines the environmental impact of a good over its lifecycle (i.e. production,
use, and disposal). As such, communicating environmental information to consumers
is difficult, and even if there were scientific agreement on lifecycle assessments,
would consumers be able to interpret the complex environmental information that
would need to be reported? For example, will consumers know how much carbon
their consumption produces or what is the environmental impact of reducing their
consumption in some way (i.e. if I drive 10% less, what is the environmental impact)?
This will result in consumers having difficulty in assessing the environmental impacts
of alternative consumption decisions.
For researchers using the TRA, this study suggests that there should be more
integration of issue-specific types of knowledge and behaviours. Some research in
the environmental area has started to explore multiple types of consumer outcomes
(see, e.g., Thøgersen, 2004). Research to date has not examined how alternative
types of knowledge shape attitudes and associated behaviours. The complexity of
environmental information and associated behaviours would seem to suggest that
the TRA needs to have broader inclusion of predictive facts, as well as take into
consideration relationships that might result in spillover effects (Uusitalo, 1990a).
This is in addition to examining the interconnections in terms of knowledge and
behavioural actions (Barber et al., 2009; Rokka & Uusitalo, 2008).
From a regulatory perspective, uninformed consumer decision making would
result in some type of market failure. Therefore, there is a need to integrate carbon
issues into environmental marketing regulations, since consumers are being asked
to make decisions around complex carbon-related claims and issues (MacKerron,
Egerton, Gaskill, Parpia, & Mourato, 2009) that they may not fully understand. This
may be why the US Federal Trade Commission has become so interested in carbon
offsets and regards them as requiring consumer protection regulations (ACCC, 2008;
Majoras, 2008). It may be that the alternatives, and the information provided
about alternatives, are, in fact, not as responsible as marketers propose. Appropriate
metrics, similar to ‘Energy Star’ ratings found on new electrical appliances, could
also be developed in order to help consumers to make a more informed decision
so that their behaviour that may have a substantive environmental impact. Such
actions, however, require collaboration across regulatory spheres, that is, the science
of measuring impact and the marketing communication of this information.
Without information clarity, consumers may believe information is misleading,
which could result in increased levels of scepticism about green claims (Mohr, Eroglu,
& Ellen, 1998). Such an outcome could mean that consumers would not change their
behaviour, and would possibly also discount environmental information in the future
if they cannot verify the accuracy of the claims and information. This outcome would
make it difficult to change consumers’ environmental behaviour to a more positive
direction, both for marketers and policymakers seeking to reduce society’s impact on
the natural environment. However, it is still unclear as to how marketers provide this
complex information in a meaningful way, as consumers may in fact not necessarily
interpret environmental information as it is intended by marketers. For example,
Polonsky, Carlson, Prothero, and Kapelianis (2002) found that consumers potentially
misinterpreted a range of ‘environmental’ information provided on packaging,
even when this was not intended to communicate environmental information. (e.g.
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‘safe on your hands’). However, providing meaningful environmental information
is important, especially as consumers seek to make more mindful consumption
decisions (Seth et al., 2011). Marketers have long integrated environmental issues
into a range of marketing actions, including pricing, logistics, advertising, and
design (Polonsky & Rosenberger, 2001). This will continue to be important as
sustainability issues become more focal to the marketing concept (Kotler, 2011).
Carbon issues are already being used in marketing. For example, MacKerron et al.
(2009) examined how consumers respond to different types of carbon programs, and
Vanclay et al. (2011) have identified that consumers respond to different types of
carbon information for grocery products. However, for the most part, research has
not examined how behaviour varies based on consumer knowledge levels, which our
work suggests is an important avenue for consideration.
Overall, this research, therefore, has made a number of contributions to the
literature by identifying the role of general and specific environmental knowledge
on environmental attitudes, and by examining the effects on general and specific
behaviours. It has also addressed concerns with research focused on behavioural
intentions (e.g. Davies et al., 2002) and has sought to examine how general and
specific knowledge and attitudes impact on actual behaviours (both general and
specific).
Future research
There are multiple areas available for future research. This study could be
replicated in other countries to see whether these relationships hold. There is also
an opportunity to explore whether the relationships hold across regions within
countries, or whether they differ across segments of consumers (whether they are
defined by demographics, psychographics, or other measures). It appears that green
marketing has moved from a niche strategy to one with wider appeal (GfK Roper
Consulting, 2007), but segmentation may still be important. In focusing on types of
information, one might also look at whether integrating other new information has
similar impacts on attitudes and behaviours. As suggested earlier, carbon and global
warming can be linked to almost all human activity and, thus, might have more
salience than other environmental issues. Future research could also look at what
types of information could be used to modify consumers’ knowledge levels and, in
turn, their attitudes. This latter point is essential if we want consumers to undertake
behaviour change that brings about positive environmental impacts.
It would also be possible to examine whether the incorporation of more specific
attitudes would have an impact on the model. Might consumer views vary based on
the environmental issue being considered? That is, may they perceive some issues to
be more pressing or salient to them? Thus while carbon is highly extensively discussed
in the popular press and public policy, it is also important to examine consumers’
knowledge and responses to other environmental issues such as biodiversity, over-
fishing, or other more specific issues. The fact that attitudes have been found to
have varying degrees of predictive ability in regard to alternative environmental
behaviours (e.g. Thøgersen, 2004) would potentially mean that attitudes towards
the specific underlying environmental issues and specific behaviours would therefore
also differ. For example, if consumers have strong attitudes about animal rights issues,
they might possibly be more concerned about biodiversity than land salinity issues,
D
ow
nl
oa
de
d 
by
 [D
ea
kin
 U
niv
ers
ity
 L
ibr
ary
] a
t 1
7:1
0 3
0 A
pr
il 2
01
2 
Polonsky et al. Impact of environmental knowledge on attitudes and behaviour 257
suggesting that there may in fact be sub-segments within the green consumer market
that could be explored in the future. From a marketing practice perspective, research
is needed to examine how information can be provided for integration to allow
consumers to act on new complex information regarding carbon issues, as well as
other environment-related issues, given the limited research into consumer responses
suggests the type of information provided impacts consumers behaviour (MacKerron
et al., 2009; Vanclay et al., 2011).
Future research also needs to examine whether or not there are mediating or
moderating variables in the relationship, as research suggests that other factors (e.g.
issue involvement, social norms, self-efficacy, etc.) may also influence the relationship
between knowledge, attitudes, and behaviour (Cialdini, Petty, & Cacioppo, 1981;
Hines et al., 1986). The fact that purported behaviour was looked at rather than an
objective measure of behaviour is also a potential issue that needs to be explored in
future research, especially as there may be social desirability bias when exploring
issues about the environment (i.e. people report more positive responses). While
measures of different types of behaviours were included, additional carbon-related
products could also be examined, such as individuals personally purchasing offsets for
their consumption, rather than looking at offsets as a component of other purchases.
When such environmentally focused goods increasingly become available, research
on consumer behaviour in relation to their purchase will present a future avenue for
research.
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Appendix 1. Environmental knowledge scales
General environmental knowledge Carbon offset knowledge
Most smog in our big cities comes from
industrial plants (e.g. factories) (FALSE)
Carbon offsets involve firms reducing
their pollution (FALSE)
Mercury has been found at unacceptable
levels in seafood (TRUE)
Firms that offer carbon offsets can
receive a tax incentive for doing so
(TRUE)
Diesel fuel pollutes less than unleaded
fuel (TRUE)
Firms that offer carbon offsets are
environmentally responsible (FALSE)
Ecology assumes that man is an integral
part of nature (TRUE)
All carbon offset programs are
government regulated/approved
(FALSE)
Aluminium takes longer to decompose
than iron or steel (TRUE)
Independent organisations audit the
outcomes of a firm’s offset program
(FALSE)
Traditional plastic bags do not
decompose in landfills (TRUE)
Carbon offsets offered by US firms always
reduce the carbon produced in th e
United States (FALSE)
Products on sleep-mode do not use any
electricity (FALSE)
Carbon offsets are priced as a percentage
of the overall price of the good/service
(FALSE)
Most water in the United States is used in
agriculture (TRUE)
Carbon offset programs may invest in
activities that only reduce carbon in the
future (TRUE)
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